Although soy food has been recommended because of its presumed cardiovascular benefits, the long-term prospective association between habitual soy food intake and cardiovascular disease mortality remains unclear. This study aimed to evaluate the relation of soy protein and isoflavone intake with the risk of cardiovascular disease mortality in middle-aged and older Chinese adults residing in Singapore. The Singapore Chinese Health Study is a population-based study that recruited 63,257 Chinese adults aged 45-74 y from 1993 to 1998. Usual diet was measured at recruitment by using a validated semiquantitative food-frequency questionnaire, and mortality information was identified via registry linkage until 31 December 2011. Cox proportional hazards models were used to calculate HRs, with adjustment for potential confounders. The median intake was 5.2 g/d for soy protein, 15.8 mg/d for soy isoflavones, and 87.4 g/d for soy expressed as tofu equivalents. We documented 4780 cardiovascular deaths during 890,473 person-years of follow-up. After adjustment for sociodemographic, lifestyle, and other dietary factors, soy protein intake was not significantly associated with cardiovascular disease mortality: HRs (95% CIs) were 1.00 (reference), 1.02 (0.94, 1.11), 1.02 (0.93, 1.11), and 1.06 (0.97, 1.17) for increasing quartiles of soy protein (P-trend = 0.24). Similarly, no significant association was observed for soy isoflavones and total tofu equivalents and when deaths from coronary heart disease (n = 2697) and stroke (n = 1298) were considered separately. When stratified by sex, HRs for cardiovascular disease mortality across quartiles of soy protein were 1.00, 1.00, 1.05, and 1.16 (95% CI: 1.03, 1.31) in men (P-trend = 0.02) and 1.00, 1.01, 0.96, and 0.95 (95% CI: 0.81, 1.10) in women (P-trend = 0.31), although the interaction was not significant (P-interaction = 0.12). In conclusion, soy intake was not significantly associated with risk of cardiovascular disease mortality in the Chinese population. However, a slightly increased risk associated with high soy protein intake in men cannot be excluded and requires further investigation. J. Nutr. 144: 921-928, 2014. 
Introduction
Cardiovascular disease (CVD) is the leading cause of death worldwide (1) , and the disease burden has increased dramatically in the past several decades in Asian countries (2) . Among the many risk factors, diet plays an important role in the development and prognosis of CVD (3, 4) . There has been a long-standing interest in the potential cardiovascular benefits of soy protein and isoflavones on the basis of results from shortterm intervention studies on several cardiometabolic pathways [e.g., lipid profiles (5), glycemic control (6), arterial stiffness (7), blood pressure (8) , and endothelial function (9) ].
Several prospective cohort studies have also assessed the association between soy intake and the risk of CVD. Dietary isoflavone intake was not significantly associated with risk of coronary heart disease (CHD) or stroke in Dutch women (10) or CVD mortality in Spanish adults (11) . A possible reason for the inconsistency could be that the consumption of soy is too low in the Western population (12) . In an early investigation in the Shanghai WomenÕs Health Study, higher soy protein intake was associated with a lower risk of incident CHD in Chinese women (13) . However, the investigators recently reported a positive association between soy intake and risk of incident CHD in the Shanghai MenÕs Health Study (14) . They further measured urinary isoflavone metabolites as a biomarker of soy intake in a nested case-control study from these 2 cohorts and found no significant association between urinary concentrations of isoflavones and incident CHD (15) . In a Japanese cohort study, dietary intakes of total soy and soy isoflavones were associated with a lower risk of incident CHD and stroke in women but not in men (16) . However, no significant association between soy intake and CVD mortality was reported in another cohort study in Japanese men and women aged >35 y (17) . Thus, the current evidence between soy intake and risk of incident CVD remains inconsistent, and no significant association for CVD mortality was reported in Spanish or Japanese adults (11, 17) .
Previous epidemiologic findings on soy consumption and CVD may have been limited by the low consumption in Western populations (10, 11) , short-term follow-up in the Chinese population (13, 14) , or small sample size in some studies (13, 14, 16, 17) . Therefore, to address the question of whether long-term intakes of soy and related isoflavones are associated with a lower risk of CVD mortality, we used data from the Singapore Chinese Health Study, a population-based prospective cohort of~63,000 Chinese men and women in Singapore. We also examined this relation separately in CVD-free individuals (primary prevention) and in persons with CVD (secondary prevention) at baseline, in men and women, and for CHD and stroke mortality.
Participants and Methods
Study population. In this population-based cohort study, 35, 303 Chinese women and 27,954 Chinese men aged 45-74 y were enrolled between April 1993 and December 1998. The study participants were recruited from 2 major dialect groups in Singapore, Hokkiens and Cantonese, who originated from Fujian and Guangdong provinces in southern China, respectively. During the enrollment period, all of the study participants were residents of government housing estates, where 86% of the Singapore population resided at the time of recruitment. This study was approved by the institutional review board at the National University of Singapore, and all enrolled participants provided informed consent. Full details of the Singapore Chinese Health Study design have been described previously (18) .
We obtained information on demographic characteristics, lifestyle factors (physical activity, tobacco use, and alcohol intake), usual diet, and medical history at recruitment through in-person interviews by using structured questionnaires. We excluded individuals who had cancer at baseline identified either by self-report or via linkage with the nationwide Singapore Cancer Registry (n = 1936) and those who reported extreme energy intakes (<600 or >3000 kcal/d for women and <700 or >3700 kcal/d for men; n = 1023). Finally, 60,298 participants were included in the current analysis.
Assessment of diet and covariates. During the baseline interview, we administered a semiquantitative FFQ including 165 commonly consumed food items in this population. The respondents were instructed to select from 8 food-frequency categories (ranging from ''never or hardly ever'' to ''two or more times a day'') and 3 portion sizes (small, medium, large) with the aid of photographs. The FFQ listed 7 nonfermented soy items that are commonly consumed in the local Chinese population: plain tofu, tau pok, tau kwa, foo pei, foo jook, tofu far, and soybean drink (19) . Equivalent amounts of tofu per day were calculated to facilitate comparison with a known dietary item while taking into account the varying water contents across the 7 soy foods: the water (20) . The FFQ was validated subsequently by using two 24-h recalls including 1 weekday and 1 weekend among a subset of 810 participants from this cohort (18) . The correlation coefficients were 0.32 and 0.39 for soy protein and isoflavones, respectively. In another validation study, intakes of soy foods were also significantly, monotonously associated with urinary excretions of genistein, daidzein, and glycitein (21). Self-reported information about age, body weight, height, educational level, smoking status, and physical activity was also assessed through the baseline questionnaire. BMI (in kg/m 2 ) was calculated by body weight in kilograms divided by height squared in meters. Participants also selfreported their history of medical conditions diagnosed by physicians, including diabetes, hypertension, CHD, and stroke.
Assessment of mortality. Date and cause of death of study participants were obtained through linkage with the nationwide registry of birth and death in Singapore. The primary cause of death was used for analysis. Vital status for cohort participants was updated through 31 December 2011. As of 31 December 2011, only 47 participants from this cohort were known to be lost to follow-up due to migration out of Singapore or for other reasons. Accordingly, emigration among participants seems to be negligible in this cohort, and vital statistical information during follow-up was nearly complete. The International Classification of Diseases, Ninth Revision, was used to code underlying causes of death using codes 390-459 for cardiovascular deaths, codes 410-414 for CHD deaths, and codes 430-438 for stroke deaths.
Statistical analysis. Soy product intake was analyzed in quartiles, with the lowest quartile as the reference category. We adjusted food and nutrient intakes (including soy protein, isoflavones, and tofu equivalents) for total energy by using the residual method (22) . Person-years for each participant were calculated from the date of recruitment until time of death, loss to follow-up, or 31 December 2011, whichever came first. Cox proportional hazards were used to examine associations between soy food intake and CVD mortality risk. In the multivariate model, we adjusted for age (continuous), sex, interview year (1993) (1994) (1995) (1996) (1997) (1998) , dialect group (Hokkien, Cantonese), cigarette smoking (years of smoking and number of cigarettes per day), alcohol consumption (never or monthly, weekly, daily), level of education (none, primary school, secondary school or more), physical activity level (<0.5, 0.5-3.4, $3.5 h/wk), BMI (<20.0, 20.0-23.9, 24.0-27.9, $28.0 kg/m 2 ), baseline history of comorbidities (diabetes, hypertension, CHD, and stroke as 4 adjusting factors) and total energy intake (continuous), and dietary intakes of fiber, SFAs, MUFAs, and omega-3 and v-6 PUFAs (quartiles). P values for trend were tested by including quartiles of soy protein or isoflavone intake as continuous variables in the models.
Stratified analysis was decided a priori by self-reported history of physician-diagnosed CHD and stroke at baseline. The rationale was to test the hypothesis for primary prevention (participants without history of CVD) and secondary prevention (patients with CVD). We further stratified the analysis in participants with or without baseline history of diabetes/hypertension among those free of CVD to evaluate whether the association persisted in the high-risk group. Some previous studies suggested sex differences in the health effects of soy intake; therefore, we also stratified the analysis by sex. The likelihood ratio test of the cross-product terms was used to test for interactions. All statistical analyses were conducted by using SAS 9.1 (SAS Institute), with 2-sided P values <5% as the threshold for significance.
Results
The median (IQR) intake of soy protein in the study population according to quartiles of soy protein intake. Participants in the highest quartile of soy protein intake were more likely to be women and to be physically active but less likely to be smokers and regular alcohol drinkers compared with those with low soy protein intake. They also had a slightly higher prevalence of diabetes and hypertension but a similar prevalence of CHD and stroke. Soy protein was also associated with higher intakes of dietary fiber and PUFAs (P-trend < 0.001). No significant differences in soy protein intake were found by age, BMI, and educational level. A similar pattern was found for intake of soy isoflavones, except for a lack of association with prevalence of diabetes and hypertension (Supplemental Table 1 ). Similar patterns were observed in those participants without diabetes and hypertension at baseline (Supplemental Table 2 ).
We documented a total of 4780 cardiovascular deaths (including 2697 CHD deaths and 1298 stroke deaths) during an average of 14.7 y of follow-up (890,473 person-years). In the multivariate model, soy protein intake was not significantly associated with a risk of cardiovascular deaths, even after adjustment for established CVD risk factors and other dietary variables (HR for the highest vs. lowest quartile: 1.06; 95% CI: 0.97, 1.17; P-trend = 0.24) ( Table 2) . Similarly, intakes of soy isoflavones and soy expressed as plain tofu equivalents were not significantly associated with CVD mortality. In addition, no significant association was found for any of the soy-related exposures with either CHD or stroke mortality ( Table 3) .
We further conducted a stratified analysis according to baseline history of CVD ( Table 4) Table 3 ). No significant associations for CVD mortality were found for the subgroups, except for participants without baseline diabetes/hypertension in whom a significant association was found for soy protein (HR comparing extreme quartiles: 1.16; 95% CI: 1.00, 1.34; P-trend = 0.05) and tofu equivalents (HR comparing extreme quartiles: 1.18; 95% CI: 1.02, 1.36; Ptrend = 0.04); however, these were only significant after further adjustment for dietary covariates.
We did not find a significant interaction between sex and soy protein intake (P-interaction = 0.12) for CVD mortality (Table 5) . However, compared with the lowest quartile, a significantly increased risk of CVD mortality was observed in the highest quartile in men (HR: 1.16; 95% CI: 1.03, 1.31; P-trend = 0.02), but this was not found in women (HR: 0.95; 95% CI: 0.81, 1.10; P-trend = 0.31). However, the increased risk in the highest quartile among men was observed only after adjustment for dietary covariates. For CVD mortality, the interaction between sex and soy isoflavones was borderline significant (P-interaction = 0.07), but the interaction between sex and tofu equivalents was not statistically significant (P-interaction = 0.35). No significant associations were observed for risk of CHD and stroke mortality in either men or women (Supplemental Tables 4 and 5) .
For CVD mortality, no significant interaction was found between soy protein intake and several lifestyle factors (smoking status, drinking status, physical activity, and polyunsaturated fat intake; all P-interaction > 0.10). The interaction between soy protein and fiber intake (below/above median intake) was significant (P-interaction = 0.01), and soy protein and tofu intakes were related to increased risk of CVD mortality when dietary fiber was low (Supplemental Table 6 ).
Discussion
In this large cohort study in Chinese men and women, dietary soy consumption (soy protein, isoflavones, tofu equivalents) was not significantly associated with CVD mortality. This result persisted in subgroups according to sex and baseline disease history (CVD, diabetes, hypertension) and for CHD and stroke mortality. Among men, the highest quartile of soy protein intake was associated with a slightly increased risk of CVD mortality. Soy products have several bioactive components that may possess cardiovascular benefits, including plant protein, isoflavones, water-soluble fiber, and unsaturated FAs (23) (24) (25) (26) . Therefore, there has been a long-standing interest in the relation between soy foods and cardiovascular risk. Experimental studies have shown antiatherosclerotic effects of soy components through various mechanisms such as cellular vasodilation and anti-platelet aggregation, inhibition of proliferation and migration of vascular smooth muscle cells, and reduction in adhesion molecules as an early sign of endothelial dysfunction (23) . The beneficial effects of soy products on lipid profiles (5), glycemic control (6), arterial stiffness (7), blood pressure (8) , and endothelial function (9) have been shown in some short-term clinical trials. Thus, a preventive effect of soy intake against CVD risk is biologically plausible.
Although the evidence from animal studies and short-term clinical trials provides a strong foundation for the dietary recommendation to increase soy intake, the results from longterm prospective cohort studies are mixed. A cohort study in 16,132 Dutch women with >6 y of follow-up did not find a significant association between isoflavone intake (mainly from soy foods) and risk of CVD (10) . This lack of association with CVD mortality was also reported from a large Spanish cohort study (11) . Studies in Asian populations, in whom soy product intake is much higher than in Western populations, also reported inconsistent results. In an early analysis in a cohort of 64,915 Chinese women with a mean follow-up of 2.5 y, soy protein intake was significantly associated with a lower risk of CHD (only 62 incident cases) (13) . There is no updated report of these findings after 10 y of further follow-up. In their recent report in a cohort of 55,474 Chinese men with a mean follow-up of 5.4 y, soy intake showed a positive, independent, and doseresponse association with risk of CHD (217 incident cases) (14) . However, the authors measured urinary isoflavones as a biomarker of soy intake and found no significant association of total isoflavones and major isoflavone metabolites (daidzein, genistein, and glycitein) with incident CHD for either men or women in a case-control study including 377 cases nested within these 2 cohorts (15) . In a cohort study in 40,462 Japanese adults with an average of 12.5 y of follow-up, total soy and soy isoflavone intakes were associated with a lower risk of cerebral and myocardial infarctions in postmenopausal women but not in men or premenopausal women (16) . However, no significant association between soy intake and CVD mortality was reported in another cohort study in 13,355 male and 15,724 female Japanese adults with a mean follow-up of 7 y (17) . Therefore, the current evidence for effects of soy intake on CVD is inconsistent for both Western and Asian populations. There are several possible reasons for the lack of association between soy intake and CVD mortality in our study. First, despite some evidence of soy products improving surrogate outcomes in short-term trials (5-9), other studies have not found beneficial effects [as summarized in meta-analyses (27) (28) (29) ]. Particularly in long-term interventions with large sample sizes, no significant effects of soy protein or isoflavones on blood lipid profiles were found (30) (31) (32) . Therefore, it is possible that the null association with CVD mortality reflects the fact that ''the direct cardiovascular health benefit of soy protein or isoflavone supplements is minimal at best,'' as stated in the American Heart Association recommendation (28) . Second, animal studies and clinical trials usually provide very controlled exposure situation (high dosage, continuous contrast between 2 groups, and control of other lifestyles), and the findings may not be directly translatable to free-living individuals. Third, the consumption amount of soy protein is far lower in cohort studies (usually <10 g/d) compared with that in clinical trials (usually >25 g/d) (28) . Fourth, the isoflavone content of foods and its bioavailability are influenced by growth conditions, postharvest processing, and storage (24, 33, 34) . Interindividual variations due to gut microflora and genotype add further complexity to the metabolic fate of isoflavones (35) . In addition, soy products can be cooked in many different ways and with different combinations of other foods in Chinese cuisine, which may also influence the nutrient contents and effects on health. FFQs cannot fully capture all these sources of variability, and some measurement error is inevitable.
In our study, soy protein intake was associated with a slightly higher risk of cardiovascular mortality in men but not in women. The potential interaction between soy and sex has been reported previously, and a Japanese study (16) found an inverse association between soy intake and CVD in postmenopausal women but not in men. The 2 cohort studies in Chinese adults reported an inverse association between soy intake and incident CHD in women (13) but a positive association in men (14) . In a Chinese cross-sectional study, soy protein intake significantly interacted with sex in relation to the metabolic syndrome, with a trend of a positive association in men and an inverse association in women (36) . These studies suggested that the effect of soy and isoflavones on cardiovascular risk may be sex-dependent. Some studies reported inverse associations between dietary soy intake and serum testosterone concentrations in men (37, 38) , although the results were not consistent (39, 40) . Lower testosterone concentrations in men have been shown to be related to increased risk of diabetes (41) and metabolic syndrome (42) . Moreover, the statistically significant associations were observed only after adjustment for other dietary factors, and we cannot exclude the possibility that this might be a chance finding, particularly given the lack of association with CHD or stroke mortality when stratified by sex and a significant association only in the highest quartile in men. We observed an unexpected interaction with fiber intake in that dietary soy was associated with a modest increased risk of CVD mortality in participants with lower fiber intake. The significant interaction between dietary soy and fiber intake was not found in the Shanghai cohorts (13, 14) , and further studies are still needed to confirm our results. Our study has several strengths. First, to our knowledge, it is thus far the largest such study, with 4780 CVD deaths and a long duration of follow-up. Second, soy food consumption was comparable to other studies in Chinese and Japanese populations (13, 14, 16, 17) , although much higher compared with that in Western populations (10, 11) . Third, our study had a high response and follow-up rate, collection of detailed data on diet and potential confounders through face-to-face interviews, and nearly complete mortality assessment with accurate records on time and cause of death. Finally, dietary intake was assessed by an FFQ that was specifically developed and validated in this population and that has been shown to be reasonably accurate and reproducible (18, 21) .
We are also aware of several limitations of our study. First, some degree of measurement error in the assessment of soy intake was inevitable due to the self-report assessment of dietary intake, which most likely resulted in some nondifferential misclassification and underestimation of the strength of the association. The self-reported lifestyle-related data may have resulted in some misclassification and residual confounding. Second, we had only a single assessment of diet, and repeated assessments would have allowed us to capture potential changes in exposure during follow-up and reduce measurement errors. Third, we do not know whether soy products have benefits on nonfatal cardiovascular events, and future efforts should be made to validate and confirm the nonfatal cases. Finally, these findings may not be generalizable to other ethnic groups or populations with different amounts of soy intake.
In conclusion, our results from a large well-established prospective cohort study in a Chinese population do not support a protective effect of habitual consumption of soy foods on cardiovascular death. Our results cannot exclude that high doses of soy protein intake may be associated with a slightly increased risk of CVD mortality in men, but further studies are needed to confirm or refute this possibility. Taken together, our results do not provide evidence for recommendations of increasing soy food consumption as a CVD prevention strategy.
